INDICATIONS
, and by the National Comprehensive Cancer Network (NCCN) guidelines in 2010 [14] . VATS lobectomy is most suitable for patients with small (under 5∼6 cm in diameter) peripheral tumors without endobronchial lesions, and without visible pleural adhesions or anthracotic lymph nodes that are tightly adhered to pulmonary vessels.
2) Benign lung disease
Benign lung diseases requiring lobectomy include pulmonary aspergilloma, bronchiectasis, multi-drug resistant tuberculosis (MDRTB), and pulmonary sequestration and congenital cystic adenomatoid malformation (CCAM), etc. Weber et al reported successful application of VATS lobectomy for benign pulmonary disease for western population [15] . However, the most challenging issue when performing VATS lobectomy in Asian population for treatment of benign lung disease is pleural adhesion, because adhesions frequently accompany inflammatory changes in the pleural cavity.
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Furthermore, tight adhesion of inflamed lymph nodes to the pulmonary vessels is one of the most common causes of conversion into open-thoracotomy during VATS procedure [16] .
Therefore, thorough evaluation of hilar structures by preoperative enhanced chest CT is essential.
3) Expansion of indication of VATS lobectomy
As experience with VATS lobectomy gradually accumulates, VATS lobectomy has been applied in selected cases of N1 lung cancer, microscopic N2 lung cancer (including cases receiving preoperative chemotherapy), and lung cancer with endobronchial lesions that require sleeve resection [17] [18] [19] [20] [21] [22] . Secure fixation is very important, because the patient can be tilted to both sides during the operation to retract the lung by gravity.
2) Port placement
Two to four ports can be used according to the surgeon's preference, the experience of the surgeon and staff, and available endo-surgery equipment. Before thoracoscopic port placement, it is important to consider a few things as followings; ergonomically good position to handle the instruments, easi- Advantage of this approach is that it avoids fissure division Video-assisted Thoracic Surgery Lobectomy 
4) Right upper lobectomy
The example of right side port placement was illustrated in 
5) Right middle lobectomy
The same port placement is used for right middle lobec- 
6) Right lower lobectomy
The inferior pulmonary ligament is first divided, and then the right inferior pulmonary vein is isolated. After major fissure development, the basilar trunk and superior segmental branch of the right pulmonary artery are identified and released. The pulmonary arteries can be divided either before or after the pulmonary vein. The endovascular stapler (30∼ 45 mm, white cartridge) is again used for division of vessels.
The right lower basilar trunk and superior segmental branch can be divided together with one stapling, if this does not compromise the posterior ascending branch. These segmental branches can also be divided separately with the silk tie method, interlocking clips or endovascular staplers.
Prevention of narrowing of the right middle lobe bronchial orifice is very important when dividing the right lower lobar bronchus [26, 27] . Thus, the bronchial stapling of lower lobar bronchus must be made parallel to the direction of the right middle lobar bronchus, and the right lower lobe can be lifted superiorly to help achieve an appropriate entry angle.
Bronchoscopic confirmation by the anesthesiologist is also helpful.
7) Left upper lobectomy
In left sided VATS lobectomy, we recommend using a right-sided double lumen endobronchial tube, because the use of a left-sided tube makes bronchial manipulation and subcarinal lymph node dissection much more difficult. Port placement in left-sided VATS lobectomy is the same as in right-sided VATS lobectomy, except that a 10 mm trocar is used in the posterior port for thoracoscope insertion (Fig. 3) .
If the interlobar fissure is completely developed, the superior pulmonary vein and branches of the pulmonary artery can be divided separately. If the interlobar fissure is not completely developed, the hilar approach is recommended.
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− 5 − Specimen retraction, irrigation of the pleural space, and the air leak test are performed in the same manner as described above.
8) Left lower lobectomy
The approach is the same as that for left upper lobectomy.
If the fissure is incomplete, the single direction method can be used, starting from the inferior pulmonary ligament to the hilum. If the lingular segmental bronchus is secured, the process of lower lobar bronchial division is the same with that for other lobes. The other procedure is performed as described above.
MEDIASTINAL LYMPH NODE DISSECTION
It is critical to achieve surgical completeness, which includes mediastinal lymph node dissection (MLND). The question of whether MLND improves survival remains controversial [28] [29] [30] . However, MLND is considered essential for accurate pathologic staging [31] . Complete lymph node dissection can be defined as removal of all lymph nodes and fat tissues from each nodal station [32] . It must be determined that complete node dissection is really possible by VATS before expanding the indication of VATS lobectomy in lung cancer; this hypothesis is supported by many recent reports [31] . Sugi and Watanabe found that the numbers of lymph nodes removed by VATS were comparable to those removed by thoracotomy, and that survival and recurrence were also comparable [33] [34] [35] . Sagawa et al. performed VATS MLND and opened the chest to check its completeness. They found that only 2∼3% of lymph nodes remained, and concluded that VATS MLND is not inferior to MLND by thoracotomy [36] . Therefore, thoracoscopic lymph node dissection is technically feasible, and does not violate the oncologic principle.
However, more evidence is required to extend the indication of VATS lobectomy from stage I lung cancer to more ad- When dividing the inferior pulmonary ligament (IPL), the IPL lymph node can be removed. Care must be taken to control bleeding from all minute vessels.
The subcarinal space can be best exposed by tilting the operating (Fig. 4) .
2) Left side mediastinal lymph node dissection
Complete left side MLND is technically more challenging (Fig. 6 ).
